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• Differences in prevalence between ADHD and non-ADHD adults were significantly larger in women than in men for all psychiatric disorders except schizophrenia and SUD, indicating the larger potential for introducing preventive measures in women with ADHD.
• A considerable proportion of cases of anxiety, depression, bipolar and personality disorders, schizophrenia and SUD in the population can be attributed to an underlying comorbid ADHD.
Introduction
Attention deficit hyperactivity disorder (ADHD) (1, 2) is an impairing and prevalent childhoodonset disorder that frequently persists into adulthood (3) (4) (5) . Based on an estimated worldwide prevalence of 2.5% among adults, ADHD affects millions of individuals across the world and is of major public health concern (3, 6, 7) . The strong male predominance among children with ADHD decreases with age; further, comorbidity with other psychiatric disorders is the rule rather than the exception, particularly in adults with ADHD (8) (9) (10) (11) (12) . It is also known that women with ADHD are more frequently diagnosed with the inattentive subtype, as defined in DSM-IV/DSM-5 (1, 13) , with more internalizing comorbid disorders such as depression and anxiety. Women also report more impairment than men (11, (14) (15) (16) (17) , and a study based on self-reports among adults showed that women with ADHD, more often than men, reported a history of treatment for other psychiatric disorders than ADHD (8) . The combined subtype, with more externalizing symptoms, is more frequent in men (17) . This subtype is more often linked to antisocial personality disorder and substance use disorder (SUD) (11, 18) .
Several studies have focused on psychiatric comorbidity in adults with ADHD, for example anxiety and major depressive disorder (depression) (3, 11) , bipolar disorder (9) (10) (11) 19) , personality disorders (20, 21) , schizophrenia spectrum disorders (schizophrenia) (19, 22, 23) and SUD (11, 24) . However, existing studies of gender differences in such comorbidity have shown conflicting results in adults with ADHD, possibly because of varying outcome measures, sample characteristics and methodologies. To gain a better understanding of gender differences is important in order to be in a position to provide suitable treatment and prevention strategies for both men and women with ADHD (18, 25) . Few studies have investigated whether these comorbidities differ between men and women (26, 27) , and large epidemiological studies of good quality are still lacking (7, 18) .
In the present work, we use the term 'gender' instead of 'sex' because the study concerns adults, and 'gender' is shaped by environment and experience in addition to the biological characteristics determined by sex (28) .
Aims of the study
We aimed at determining whether gender modified associations between ADHD and psychiatric comorbidities. We also aimed at determining the proportion of psychiatric disorders among men and women in the population that could be attributed to a comorbid ADHD.
Method

Study population
We conducted a cross-sectional analysis in a cohort of adults in Norway, by linking information from four nationwide, population-based registries: The Medical Birth Registry of Norway (MBRN), established in 1967 (29) , the Norwegian Prescription Database (NorPD) (30) , established in 2004, the Norwegian Patient Registry (NPR) (31) , with data from 2008, and the National Educational Database (NUDB) from Statistics Norway (32, 33) . See Appendix S1 for Supporting Information and details about the registries. The study included all individuals born between 1967 and 1997, alive and resident in Norway at record linkage in 2015 (n = 1 701 206). Record linkage was established using the national identification number unique to every Norwegian resident.
The study was approved by the Regional Ethics Committee in Norway (2011/2272). No informed consent was required for the analysis of anonymized registry data.
We defined adults with ADHD as those who had been dispensed their last prescription of ADHD medication at 18 years of age or more during 2004-2015 (NorPD), or with an ADHD diagnosis registered at 18 years or higher in the period 2008-2015 (NPR). The ADHD medications identified were the central stimulants: methylphenidate, racaemic amphetamine and dexamphetamine, and the non-stimulant drug atomoxetine, see Appendix S2 for ADHD medication used for narcolepsy.
The remaining population included all adults (18 years or older by record linkage) who had neither been dispensed ADHD medication nor had an ADHD diagnosis, in the NorPD and NPR respectively. Parents to adults with and without ADHD were also identified through the MBRN, to evaluate the influence of factors known to be associated with both ADHD and other psychiatric disorders (sociodemographic variables, pregnancy-related risk factors and parental psychiatric disorders).
Measures
We analysed the association between ADHD and psychiatric disorders among men and women, ADHD being our 'exposure', and evaluated effect modification by gender. Our main aim was to evaluate psychiatric comorbidity in adults with ADHD, and for this analysis, no confounding variables are relevant; thus, we only adjusted for age (birth year; 5-year groups from 1967 to 1997, with 1967-1973 as the reference period). To evaluate how risk factors for both ADHD and other psychiatric disorders influenced the prevalence ratios, we ran two regression models, including the following covariates that all have been documented as risk factors for ADHD and psychiatric disorders (34) (35) (36) (37) (38) (39) (40) (41) We studied the following major comorbid psychiatric disorders, typically diagnosed in late adolescence and adulthood, and all registered at 18 years or more: anxiety (ICD-10 codes; F40-F42), depression (F32-F33), bipolar (F30-F31) and personality disorders (F60-F61), schizophrenia (F20-F29) and SUD (F10-F19).
To define bipolar disorder, we used data from the NorPD in addition to the NPR including individuals who had been prescribed and dispensed 
Statistical analysis
Absolute prevalence differences (PD) of psychiatric disorders between persons with and without ADHD among men and women were calculated using predicted prevalences from a Poisson regression model with adjustment for birth year (5-year periods). Significance of interaction by gender on the additive scale was evaluated using relative excess risk due to interaction (RERI) (42) . While it has been suggested that effect measures and interactions on the multiplicative scale are better suited to 'assess causality', risk differences and interactions on the additive scale are the most important to assess public health relevance, indicating which group may benefit the most from treatment or preventive measures (42) . To examine the association between ADHD and other psychiatric disorders on a multiplicative scale, we estimated prevalence ratios (PR) using Poisson regression with robust standard errors (43) . Significance of interaction by gender on the multiplicative scale was evaluated by comparing Poisson regression models with and without the interaction term (gender x ADHD) included, as tested by likelihood ratio tests. Finally, we estimated the proportion of psychiatric comorbidities attributable to ADHD among men and women with ADHD (attributable fractions in the exposed-AFE) and in the population (population attributable fractions-PAF) (44) . Twosided tests with a significance level of 0.05 were used in all analyses. Analyses were carried out with PASW Statistics 23 (45) and STATA intercooled v.14 (46) from 3 January 2016 to 24 July 2017.
Sensitivity analysis
We conducted several sensitivity analyses to test the robustness of the results, see Appendix S3 in Supporting Information for details: for all psychiatric disorders, we excluded individuals with a diagnosis of mental retardation, and when analysing prevalences of bipolar disorder, we excluded individuals with comorbid schizophrenia. We repeated analyses including only individuals with one psychiatric comorbid diagnosis alone. Analyses were also repeated requiring the psychiatric diagnosis to be registered at least twice in the NPR. Finally, when adjusting for covariates, we used multiple imputation with chained equations (MICE) (47) to evaluate possible biases due to missing information for gestational age. In the main analyses, missing values in covariates (6% for gestational age and birthweight z-scores, other variables <1%) were handled by listwise deletion. To impute for missing values in gestational age and z-scores, we ran sensitivity analyses using MICE, where the outcome variables, all specified covariates and also birthweight, maternal preeclampsia and mother's chronic diseases (yes/no), were used for information.
Results
Study groups
We identified a total of 40 103 adults with ADHD (2.4% of the population), 17 815 women (44.4%), with a total mean age of 31 years in 2015. The remaining population consisted of 1 661 103 adults, 812 061 women (48.9%) and a mean age for the total sample of 33 years in 2015. The male : female ratio in the ADHD group was 1.3 : 1. As shown in Table 1 , more mothers of ADHD adults than remaining mothers had the lowest educational level (34.9% vs. 26.2%) and were single when giving birth (16.8% vs. 9.2%). Also, parents of ADHD adults had significantly more psychiatric disorders than parents of the remaining population (mothers: 27.3 vs. 13.4%; fathers: 17.3 vs. 9.9%). Association between ADHD and psychiatric comorbidities in men and women
Adults with ADHD had a much higher prevalence of additional psychiatric disorders compared to the remaining population, as shown in Fig. 1 . As many as 53.5% of women and 48.5% of men with ADHD had one or more of the six studied psychiatric comorbidities, compared to 13.7% of women and 9.1% of men in the remaining population. Women with ADHD had the highest prevalence of all disorders except schizophrenia and SUD (Fig. 1) . Evaluated on an absolute scale, the prevalence differences (PD) between adults with and without ADHD were statistically significant for all the psychiatric disorders and ranged from 2.1% (95% CI 2.0-2.3) for schizophrenia to 24.4% (23.8-24.9) for depression, both in women, see Table 2 .
Evaluated on a multiplicative scale, adult ADHD was most closely associated with bipolar disorder, personality disorders and SUD, with PR estimates ranging from 7.2 (95% CI, 7.0-7.5) for SUD in women to 8.9 (8.5-9.3) for bipolar and personality disorders in men. Associations with anxiety, depression and schizophrenia were weaker, though still strong, with a four to five times higher prevalence of these disorders in both men and women with ADHD than those without, see Table 3 .
Interaction by gender
Interaction by gender was tested both on the additive and the multiplicative scales, see Tables 2 and  3 . When testing for interaction by gender on an additive scale, the PDs were significantly larger in women than in men for all psychiatric comorbidities except schizophrenia and SUD, where the PDs were larger in men. On the multiplicative scale, the associations with ADHD were significantly stronger in men than in women for anxiety, depression, bipolar and personality disorders, see Table 3 .
Attributable proportions
A large proportion of psychiatric disorders among adults with ADHD could be attributed to their existing ADHD condition, with AFE ranging from 72.9% to 87.5% in women and 79.5% to 88.8% in men, see Table 3 . The proportions of psychiatric disorders in the adult population that could be attributed to a comorbid ADHD were also high, with PAF ranging from 5.6% to 13.0% in women and from 8.9% to 16.5% in men.
Sensitivity analysis
The results of the sensitivity analyses are shown in Supporting Information, Tables S1-S3. All sensitivity analyses were compatible with the results of the main analyses.
Discussion
This is the first large population-based study performed on adults clinically diagnosed with ADHD to evaluate gender differences in major psychiatric comorbidities and testing for interaction by gender on both multiplicative and additive scales. Both men and women with ADHD had 4-9 times higher prevalences of all the studied psychiatric disorders than the remaining adult population. However, on an absolute scale, differences in prevalence between ADHD and non-ADHD adults were significantly larger in women than in men for all psychiatric disorders except schizophrenia and SUD, indicating the larger potential for preventive measures in women with ADHD. The proportions of psychiatric disorders in the population attributable to a comorbid ADHD were large for both genders.
In line with previous studies in the literature, we found higher prevalences of all the studied comorbidities in adults with ADHD than in those without (3, 10) . However, few previous studies have evaluated gender differences in comorbidity among adults with ADHD, and results from existing studies are conflicting. A study of 219 clinically diagnosed adults with ADHD, including 37.4% women, found no gender difference in risk of anxiety, bipolar disorder, depression, SUD and antisocial personality disorder, but that study was in all likelihood underpowered (11) . One of the largest population-based studies until now, a twin-study using self-reported symptom scores for both ADHD and other psychiatric disorders, studied anxiety, bipolar disorder, depression and alcohol dependence. Similar relative risk estimates for anxiety and bipolar disorder as in our study were reported, but gender differences were not found (26) . In another recent twin-study based on selfreported symptom scores, a high risk of comorbid SUD in adults with ADHD was reported, but this did not report finding any gender differences (24) . Among studies showing high risk of comorbid bipolar disorder, one was large and populationbased, but involved both children and adults (19) ; another study was small with low female representation (11) . Both studies considered gender differences, but none were found. A large Swedish study analysed risk of comorbid schizophrenia, but did not focus on adults and did not evaluate gender differences (19) . A smaller Danish study found the same relative risk of comorbid psychosis as observed here, but in adults diagnosed with ADHD as children. The study only included a small proportion of women, and an evaluation of gender differences was thus not possible (22) . A large study from Taiwan with over 70 000 individuals with ADHD diagnosed in childhood reported a five times higher risk of developing some form of psychotic disorder. The male proportion was 80%, and mean age at diagnosed psychosis was only 15 years. An increased risk for psychosis in women with ADHD was, however, found (23) . The number of studies on ADHD and different personality disorders is smaller and mostly performed on young adults and adolescents, where ADHD was diagnosed in childhood. Hazard ratios of 5.8 for personality disorders 'not specified' and 3.1 for antisocial personality disorder have been reported without specification of gender (21, 48) .
Most previous studies have their limitations: they have either relied on self-reported diagnosis of ADHD diagnosis or screening questionnaires, many studies are small, and most of them have a low proportion of females or include individuals younger than 18 years at the time of comorbid diagnosis. Few studies have been population-based or focused specifically on gender differences in risk of comorbidities in adults.
In a recent narrative meta-analysis of gender differences in adult ADHD, Williamson and Johnston found that only three of 11 studies included appropriate comparison groups (18) . However, the most important difference, and novelty of the present study, is that we tested for interaction by gender on an additive scale, thus using the prevalence differences to estimate the prevention potential. We also calculated the proportion of major psychiatric disorders that could be attributed to ADHD in the adult population.
Testing for interaction on the additive scale is informative for clinical and public health questions, because it may indicate which subgroups need to be prioritized such that preventive measures and interventions can be introduced (42) . We found that differences in prevalences of anxiety, depression, bipolar and personality disorders between adults with and without ADHD were significantly larger for women than for men, while the opposite was true for SUD and schizophrenia. Previous investigations have failed to show these gender differences in psychiatric comorbidities, and none have evaluated interactions on an additive scale. Women with ADHD have been shown to report more symptoms and impairments resulting from their condition than men, thus possibly predisposing them to a higher level of psychiatric comorbidity (11, (14) (15) (16) 49) . Our results show that there is a relatively higher increase in prevalence of most psychiatric comorbidities associated with ADHD in women with ADHD fitting this. Detecting and treating ADHD in girls and women may prove to be an important preventive measure in order to reduce the risk of future psychiatric comorbidity. Paying more attention towards girls and women with ADHD, who have less hyperactivity and therefore may go undiagnosed during childhood years, may thus be warranted, both among clinicians and researchers (25) . The larger increase in SUD and schizophrenia associated with ADHD in men is also of importance, and clinicians treating adults with ADHD should be aware of the gender-specific comorbidities described in our study, both with respect to detection and the offer of early treatment following diagnosis.
The larger increase in prevalence of schizophrenia associated with ADHD in men might be related to the larger increase in prevalence of SUD, also found in men. Both having ADHD (10, 24) and being a male (50, 51) increase the risk of SUD, and SUD itself may increase the risk of psychosis (52) . To test this hypothesis, we excluded all individuals with SUD in the study population (n = 62 434) and reran the PD analyses for schizophrenia. The PDs of schizophrenia in women with and without ADHD changed from 2.1 (95% CI, 2.1-2.1) to 1.1 (1.0-1.3) and in men from 3.3 (3.0-3.5) to 1.4 (1.2-1.6). The gender difference was still statistically significant (RERI À0.66, 95% CI, À1.3 -À0.07). We therefore believe that the increased risk of schizophrenia in men with ADHD may be partly, although not fully explained, by a comorbid SUD. The apparent increased vulnerability to schizophrenia in men with ADHD could be of clinical importance. In contrast, when excluding all cases with SUD, the PD for women was no longer significant when compared to women without ADHD.
The relatively increased risk of anxiety and depression in men with ADHD on the multiplicative scale may partly be explained by the low prevalence of these disorders in men without ADHD, who generally have lower health-seeking behaviour (53) . Men with ADHD are already in contact with the health services and may therefore get these comorbid disorders diagnosed more easily than their non-ADHD counterparts. Although both men and women with ADHD are in contact with the health services, women, independently of ADHD, are generally in closer contact with the health services than men, due to, for example, maternal health issues (fertility regulation, pregnancy and childbirth) (54) . This may partly explain why disorders such as depression and anxiety are more easily detected in women than in men in the general population (50, 55) .
The gender-specific pattern of psychiatric disorders that we find among adults with ADHD in our study is similar to the pattern found in the general population (50, 51, 56) . The absolute prevalence rates are, however, much higher for both men and women with ADHD, as shown in Fig. 1 . Although the presence of ADHD enhances the trend among men and women in the general population, it is evident that the magnitude of this enhancement differs between men and women and is also dependent on the specific disorder.
To evaluate how associations between ADHD and psychiatric comorbidities were influenced by common risk factors for both ADHD and other psychiatric disorders, we adjusted for socioeconomic and perinatal risk factors (Model 1). This hardly changed the PR estimates. When also including psychiatric disorders of the parents in the model (Model 2), the estimates were slightly attenuated, suggesting that genetic predisposition or problems linked to having parents suffering from psychiatric diseases are important, see Table 3 . This calls for increased attention regarding children of parents being treated for psychiatric disorders.
Strengths and limitations
Our study has several strengths. We used data from nationwide health registries of good quality and with mandatory, prospective reporting, minimizing selection bias and loss to follow-up and eliminating recall bias. Bipolar disorder and schizophrenia registration in the NPR have been validated with good results (31) . Due to the large study population with almost 45% women with ADHD, we could evaluate less prevalent disorders, such as schizophrenia, and compare psychiatric comorbidity in men and women with representative numbers in both groups. We had prospectively registered data on perinatal factors (birthweight and gestational age) for the whole study population, and we had information on psychiatric diagnoses, including ADHD, for the parents. Therefore, we could adjust for these covariates to evaluate whether these risk factors explained the increased prevalence of psychiatric comorbidities in adults with ADHD.
Unlike some other large Scandinavian population-based studies, we did not use ADHD symptom ratings or self-reports to define ADHD. ADHD medication is restricted in Norway, and medical treatment in adults is initiated only after thorough assessment by a specialist in psychology or psychiatry. Therefore, we believe that a prescribed and dispensed prescription of ADHD medication is a good proxy for a clinical ADHD diagnosis. Calculating PDs and testing for interaction by gender on the additive scale give relevant information concerning which comorbid diagnoses clinicians should be especially aware of when following men and women with ADHD. Our estimates of attributable risk of comorbid disorders in men and women with ADHD underscore the gender-specific prevention potential.
We are aware that our study also has some limitations: analyses were cross-sectional and based on data registered in the NorPD from 2004-15 and in the NPR from 2008-15, limiting the study of temporal relations. However, as ADHD is defined as a neuropsychiatric disorder with onset in childhood, we may assume that ADHD was present before the comorbid psychiatric disorders, which all are typically diagnosed in late adolescence and adulthood. Since the NorPD was established in 2004, adults diagnosed and treated for ADHD only before 2004 and not after will be undetected. However, ADHD was not understood as a disorder of adulthood before the late 1990s, and during 1997-2005, adults in Norway were only allowed to receive medical treatment with central stimulants after a thorough evaluation by one of three regional diagnostic committees (8) . Further, some ADHD patients will not receive medication because of contraindications or other causes; these patients are identified in the NPR, but only from 2008 and onwards. During 2008-2015, a total of 9346 (23.3%) adults with ADHD were registered with ADHD in the NPR without receiving medication.
The NPR was the data source for defining psychiatric comorbidities. In Norway, many psychiatric patients are followed in primary health care after diagnosis, and treatment is established in secondary care, for example patients with bipolar disorder who are stable on medication. A recent study from Sweden reported that almost 80% of the most common mental disorders were treated in primary care (57) . For bipolar disorder, we therefore used the NorPD as an additional data source. It is likely that patients with the more severe disorders such as schizophrenia (31) and severe personality disorders will likely have some contact with specialist health care throughout life and should therefore be captured by the NPR.
As discussed above, it may be argued that adults with ADHD could more easily be diagnosed with other psychiatric disorders because they are already in contact with the health services (55) . This may be true, especially for depression and anxiety in men, who in general have little contact with the health service before old-age (54) . However, adults with bipolar disorder, schizophrenia, personality disorders and SUD are likely to be referred to secondary health care also in the non-ADHD population.
To conclude, a large proportion of both men and women with ADHD have comorbid psychiatric disorders, and a considerable proportion of anxiety, bipolar disorder, depression, schizophrenia, SUD and personality disorders in the population can be attributed to an underlying comorbid ADHD. The differences in prevalence of anxiety, depression, bipolar and personality disorders in adults with and without ADHD are larger for women than for men. Clinicians treating women with ADHD should be aware of these comorbidities, to both detect the conditions and offer early treatment if diagnosed. Similarly, the possibility of a comorbid SUD or schizophrenia spectrum disorder is particularly relevant when treating men with ADHD. Importantly, clinicians should also be aware of a possible underlying ADHD when adults present with symptoms of other psychiatric disorders. Identifying children and adolescents with ADHD at earlier stages may be an important preventive measure to reduce the risk of future psychiatric comorbidity. This may be particularly important in girls and women with ADHD, who often have a lower degree of hyperactivity and are therefore at an increased risk of being undiagnosed in childhood, with a higher risk of developing other psychiatric disorders as a possible consequence.
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